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HISTORY 


Due to a Series of historical and economic reasons, bismuth has remained until 
recently one of at least studied elements. Well known in its natural state since ancient 
times, bismuth was long considered a species of antimony, lead, or tin. (E.F. Mintser). 


The first information about bismuth was in Georg Agrikol’s “Dvenadtsat knig 
metallurgi” (Twelve Books of Metallurgy) in the year 1529, and involved the descriptions of 
extraction and processing of bismuth ores. Bismuth in the ancient times was often confused 
as tin, antimony, lead, or silver due to their almost similar properties and that bismuth was 
then believed as a stage development of silver. Only then, it was in eighteenth century that 
the complete description of bismuth as a chemical element has been compiled. 


In 1753, a French scientist and scholar, Claude- Francois Geoffroy was the one who 
compiled all information about bismuth as a distinctive element. However, just before him 
in 1595 Andreas Libavius confused it with antimony, and in 1675 Nicolas Lemery with zinc. 
These obscurities began to be finally cleared up with the researches of Johann Heinrich 
Pott (1692-1777), a pupil of Stahl, published in his Exercitationes chemicae de 
Wismutho (1769), and of N. Geoffroy, son of Claude Joseph Geoffroy, whose contribution to 
our knowledge of this metal appeared in the Memoires de l'academie francaise for 
1753. Torbern Olof Bergman reinvestigated its properties and determined its reactions; his 
account, which was published in his Opuscula, contains the first fairly accurate description 
of the metal. Bismuth was also utilised in ancient times by the Egyptians, Greeks, Asians, 
Romans and Chinese. In addition, even the Incas of Andes Mountains used bismuth with 
copper and tin to make bronze alloy knives. 


There is a vague history of the name of the element bismuth. Most researchers, 
especially in 1450, Basil Valentine consider it as derived from the German word “Wismut”, 
although there was also another version that says it was from Old German “Wismuth” 
which means a white metal. Some years later Paracelsus termed it “Wismat” and, in 
allusion to its brittle nature, affirmed it to be a "bastard" or "half-metal"; 

Georgius Agricola used the form "wissmuth," latinized to "bisemutum," and also the term 
"plumbum cineareum.". There was also a version from two words—“Wiessen” (meadow) 
and “Muten” (to work a mine). Also, was then called Weisse Masse meaning a white mass in 
German. 


According to the Royal Society of Chemistry in London, Bismuth appears to be 
discovered in 1400 A.D. Its discoverer, however, is an unknown alchemist. 


MINING 


The appearance of bismuth crystals in their natural state 


Bismuth is commonly found as a native metal and often contains traces of arsenic (As), 
sulfur (S), and tellurium (Te). The most important bismuth mineral is bismuthinite or 
bismuth glance (Bi2S3). Other minerals include, bismite or bismuth ocher (Bi203), and 
bismutite [(Bi0),CO3-H20]. Bismuth is not abundant and is usually found in metalliferrous 
veins traversing gneiss or clay- slate associated with silver(Ag), cobalt(Co), lead(Pb), 
tin(Sn) or zinc(Zn). Some rare minerals of bismuth include bismuthotantalite (BiTao,), 
tetradymite (BizTe2S), guanajuatite [Bi2(S, Se)3], matildite (AgBiS2) and aramayoite 
[Ag(Sb,Bi)S2]. 


bismuthinite bismuthite native bismuth 


Because bismuth is rarely found in nature in its elemental form and bismuthinite, 
however, seldom occurs in sufficient amounts to be mined economically, hence, bismuth is 
then obtained as by-product in copper and lead smelting a and sometimes obtained 
from tin and tungsten i en 
oxides. 


Only small 
amounts of bismuth are 
found in rocks and 
minerals belonging to the 
to the early and main 
stages I magmatic 
crystallization ; it 
becomes strongly 
enriched in late magmatic 
differentiations. Little 
data is availableon the 
concentration of Bi in the 
various members of the 
sequences of the 
magmatic rocks. It is 
known to be captured in apatites and probably in other early calcium minerals. Bi tends to 
be concentrated in granitic magmas and is common in granitic pegmatites. In dolorite, 
concentrations of 0.01-0.80 ppm have been reported. Other rock types and ranges are; 
silicic rocks (.02-.9), intermediate rocks (.02- .25), basaltic rocks (.01-.8), in ultramafic 
rocks (.01-1.2). Bismuth is probably widely distributed in minerals of yttrium and yttrium 
lanthanides and in hydrothermal mineral deposits associated with granitic magmas. Bi 
minerals are known as pneymatolytic deposits associated with volcanic action. Bismuthinte 


is the most important hydrothermal mineral of Bi. In high-temperature hydrothermal 
deposits, Bi is often associated with Au, Te, and Se. it is most commonly present in galena. 
(E.E . Angino) 


Well known localities where bismuth mined are 
in Scheeneberg District, Erzgebirge, in Saxony, Germany 
and Joachimstal in Bohemia. There are also bismuth 
mines in Wheal Sparnon in Cornwall, England ; Great 
Bear Lake, Canada ; and Siberia. Bolivia is the only 
country that has a primary bismuth mine; other countries 
obtain bismuth as by-products only. The largest 
producers of bismuth in the world are Mexico, Peru( 
about one -quarter of world’s suuply), China, Belgium, 
South Korea and Japan. Bismuth is produced in the 


Native bismuth from New Mexico. United States only as by-product of lead refining in 
Nebraska. 
Table ill. Sources of Bismuth 
Mineral Major Source Concentrates 
BiS, United States Lead, Copper, 
Former Soviet Union and Lead-Silver 
Mexico 
Peru 
Canada 
Australia 
Bi20,, Bi People’s Republic of China Tungsten 
Korea 


Bi20,, (BiO),CO, Bolivia Bismuth, Tin 


The most important ore, bismuth glance, occurs in connection with nickel and cobalt 
ores at Schnee-berg, Saxony, at Wheal Sparnon in Cornwall, similarly associated, and with 
tin ores in the mines of the St Just district. It is also found in some quantity in Bolivia. 
Tetradymite, or telluric bismuth, a compound in variable proportions with the 
isomorphous element tellurium. This contains from 60 to 80 per cent, of bismuth, 15 to 35 
per cent, of tellurium, and from 3 to 5 per cent, of sulphur. It occurs usually in association 
with gold ores; the principal localities are Schemnitz and Retzbanya in Hungary, the gold 
mining district of Virginia and North Carolina, California, and other western states of 
America. It was also found at the Merionethshire gold mines as a rarity. Bismuth silver, 
found at Schapbach in Baden, and near Copiapo in Chili. The mineral from the former 
locality contains 27 of bismuth to 15 of silver, with some lead and sulphur, and a little iron; 
and that from the latter 60 of silver to 10 of bismuth, the remainder being copper and 
arsenic. Bismuthine, or bismuth glance, a sulphide of bismuth, of the composition Bi2S3, 


containing 81'6 per cent, bismuth and 18-4 per cent, sulphur, crystallizing in acicular 
rhombic prisms isomorphous with antimony glance. It occurs with tin ore at Botallack and 
other mines near St Just in Cornwall, and in the Saxon localities given above. Bismuth ochre 
is an earthy oxide of bismuth, containing 90 per cent, bismuth and 10 per cent, oxygen, 
which is derived from the oxidation both of the native metal and of the sulphide. 
6Bismutite, a hydrated carbonate of bismuth, containing 90 per cent, bismuth oxide, 6-56 
per cent, carbonic acid, and 3-44 per cent, water, an-other product of atmospheric action 
upon native bismuth. It is found principally in Saxony and South Carolina. Besides the 
above there is also a silicate described, but this is an exceedingly rare mineral, as is also 
Hypochlorite, a hydrated silicate mixed with phosphate of alumina. Practically the only ore 
is the native metal, and of late years, from the supply not keeping pace with the demand, 
the price has risen very considerably. The bismuth of commerce usually contains both gold 
and silver, often in considerable quantity, which circumstance has probably given rise to 
the story current about its transmutation into these metals. 


Bismuth is a moderately priced metal, costing more than copper, lead, and zinc, but 
much less than gold or silver. 


MINERAL DRESSING AND EXTRACTIVE METALLURGY 


While the primary processes in the recovery of bismuth differ depending on the 
minerals and the major metal mined, the refining processes are invariably identical. Only a 
small portion, perhaps 0.5%, of current world production is available from mines worked 
specifically for bismuth ore. When bismuth concentrate, typically oxide or carbonate as in 
Bolivia or China, is available, it is leached with hydrochloric acid. 

Bismuth is precipitated as bismuth oxychloride after repeated dissolution and precipitation 
removes several soluble impurities. The dried oxychloride is smelted with carbon using 
soda ash flux to produce crude bismuth bullion. 


In the past, high-grade bismuth glance was smelted directly to crude bullion with 
iron in the so-called precipitation process, and charcoal provided a reducing atmosphere. 
Soda ash was also the conventional fluxing agent in this route. In recent times, the primary 
extractive processes for most of the market- available bismuth are the electrorefining 
process for lead (the Betts process) and the pyrorefining process for 
lead (the Kroll-Betterton process). The choice of one process over the other depends on the 
strategy for lead refining rather than bismuth production. Cominco (Canada), Centromin 
(formerlyCerro de Pasco) in La Oroya, Peru, and most Japanese lead refineries use the Betts 
process. In contrast, Asarco-Omaha(Nebraska), Metallurgie Hoboken Overpelt(Belgium), 
Broken Hill Associated Smelters (Australia), BrunswickBelledune (Canada), and 
MitsubishiCominco (Japan) practice the KrollBetterton process. Copper smelting and 
refining residues containing bismuth aretransferred to a lead circuit by several of these 
companies. 


Bismuth is extracted from its ores by dry, wet, or electro-metallurgical methods, the 
choice depending upon the composition of the ore and economic conditions. The dry 
process is more frequently practiced, for the easy reducibility of the oxide and sulphide, 
together with the low melting-point of the metal, renders it possible to effect a ready 
separation of the metal from the gangue and impurities. The extraction from ores in which 
the bismuth is present in the metallic condition may be accomplished by a simple liquation, 
or melting, in which the temperature is just sufficient to melt the bismuth, or by a 
complete fusion of the ore. The first process never extracts all the bismuth, as much as one 
third being retained in the matte or speiss; the second is more satisfactory, since the 
extraction is more complete, and also allows the addition of reducing agents to decompose 
any admixed bismuth oxide or sulphide. In the liquation process the ore is heated in 
inclined cylindrical retorts, and the molten metal is tapped at the lower end; the residues 
being removed from the upper end. The fusion process is preferably carried out in crucible 
furnaces; shaft furnaces are unsatisfactory on account of the disintegrating action of the 
molten bismuth on the furnace linings. 


Bismuth is extracted from its sulphide ores by roasting, to form bismuth oxide. 


2 BizS3 + 9 02 ==> 2Biz03 + 6SO02 


The bismuth oxide is then reduced with carbon to form the metal. 


2 Bi203 + 3C ==> 4Bi + 3CO, 


Sulphuretted ores are smelted, either with or without a preliminary calcination, 
with metallic iron; calcined ores may be smelted with carbon (coal). The reactions are 
strictly analogous to those which occur in the smelting of galena (see Lead), the carbon 
reducing any oxide, either present originally in the ore or produced in the calcination, and 
the iron combining with the sulphur of the bismuthite. A certain amount of bismuth 
sulphate is always formed during the calcination; this is subsequently reduced to the 
sulphide and ultimately to the metal in the fusion. Calcination in reverberatory furnaces 
and a subsequent smelting in the same type of furnace with the addition of about 3% 
of coal, lime, soda and fluorspar, has been adopted for treating the Bolivian ores, which 
generally contain the sulphides of bismuth, copper, iron, antimony, lead and a little silver. 
The lowest layer of the molten mass is principally metallic bismuth, the succeeding layers 
are a bismuth copper matte, which is subsequently worked up, and a slag. Ores containing 
the oxide and carbonate are treated either by smelting with carbon or by a wet process. 


In the wet process the ores, in which the bismuth is present as oxide or carbonate, 
are dissolved out with hydrochloric acid, or, if the bismuth is to be extracted from a matte 
or alloy, the solvent employed is aqua regia or 
strong sulphuric acid. The solution of metallic 
chlorides or sulphates so obtained is precipitated by 
iron, the metallic bismuth filtered, washed with 
water, pressed in canvas bags, and finally fused 
in graphite crucibles, the surface being protected by 
a layer of charcoal. Another process consists in 
adding water to the solution and so precipitating the 
bismuth as oxychloride, which is then converted 
into the metal. 


Table IV. Extraction of Bismuth 


Process Feed Material Reagent Refining 
Leach-Reduce Bismuth concentrate HC! leach Chlorine 
Bi-Sn concentrate Fe,C 
Roast-Reduce Sulfide + Oxide C Chlorine 
Roast-Reduce Sulfide concentrate C Chlorine 
Precipitation Fe 
Exchange Reaction Debismuthization dross PbCL Chlorine 
Reduction Cupel slag Cc Chlorine 
Table V. Composition (wt.%) of Lead Electrorefining Slime Produced 
at Centromin and by Other, Typical Operations 
Slime Producer Bi Pe G $o ë t AS 
Centromin 20.6 15.6 1.6 33 0.74 95 
Typicai 7.5 20 3.5 35 — 14 


Recovery methods in obtaining bismuth include rough handpicking and standard 
ore-dressing procedures. 


Bismuth is recovered mainly during the smelting of copper and lead ores. Bismuth 
containing dust from copper smelting operations is transferred to lead smelting for 
recovery. At lead smelting operations bismuth is recovered by one of two processes: 
Betterton-Kroll process and Betts Electrolytic process. 


The Kroll-Betterton Process 

The Kroll-Betterton process is fundamentally different from the Betts process 
because it selectively removes bismuth from lead bullion that has been 
of other impurities. The process is named for Dr. 
Wilhelm Kroll, who proposed the use of alkaline- 
earth metals for this treatment, and Jesse 
Betterton, then director of research at the 
American Smelting and Refining Company, who 
combined reagents in a systematic examination of 
the process. The procedure has remained 
practically unchanged except for efforts to conduct 
it continuously. Metallic calcium and magnesium 
are added to lead bullion from which most 
_ impurities have been removed. The net reaction is: 


Ca + 2Mg + 2Bi = CaMg2Biz2 (s) 


Calcium dimagnesium dibismuthide, the resulting intermetallic compound, is a 


higher-melting, lower-density dross that floats to the top of the bullion as the temperature 
is lowered to the freezing point of lead. The dross is removed by skimming the crust offt he 
refining kettle. The enriched bismuth dross typically contains entrained metallic lead. Part 
of this lead is removed by reheating the dross and allowing the lead to liquate to a pool 
under the dross. The liquated lead is returned to the debismuthizing process, while the 
dross is treated with lead chloride or chlorine in kettles to remove the calcium and 
magnesium. The product from this step, "high-bismuth metal," is an alloy of lead and 
bismuth (nominally7 wt. % BO.) 


The Betts Electrolytic Process 

The Betts process is named after Dr. Anson Betts, who developed it in 1901. It starts 
with lead bullion, which contains copper, antimony, arsenic, selenium, tellurium, silver, 
gold, and bismuth. The lead bullion, which is substantially detinned and which exceeds 
90% pure lead, is cast into anodes and electrolytically refined in an electrolyte of lead 
fluosilicate (PbSiF6) and fluosilicic acid (H2SiF6). While lead is corroded from the anodes 
and deposited on refined lead cathode starting sheets, the bullion impurities, including 
bismuth, are retained in the form of a black slime. The slime, scraped from the anodes, is 
washed free of soluble matter, and partially dried before processing for bismuth and other 
impurity metals. The dried slime is the major process residue in lead electrorefining. Anode 
slimes from the lead refinery may contain as much as 20.6 wt. % Bi, but several operations 
report 5-10 wt.%. 


The recovery of bismuth is one of several process objectives in the treatment of this 
process residue. The primary operation is fusion of the dried residues to produce a slag 
which contains lead, antimony, and arsenic. The more noble metals (gold, if present, and 
silver and bismuth) are concentrated in the phase known as "black metal." Black metal is 
air blown in converters to further purify it of arsenic, antimony, and lead at about 850°C. 
Transfer of the metal to a cupel furnace produces dore (a silver-gold alloy) and a bismuth 
rich cupel slag. The cupel slag (Bip3-PbO) is reduced in a reverberatory furnace to produce 
bismuth bullion. 


Lead Concentrate 


| Sinter/Smelting | 
Lead Bullion 


Slimes Processing 


Bismuth Refining 


Figure 1. The transfer of bismuth in process residues from copper to lead smelting and subsequent 
recovery. 


In China, mixed concentrates of bismuth are produced by leaching, magnetic separation 
and/or differential flotation techniques. Concentrates are then smelted to produce crude 
bismuth for refining. 


The largest bismuth producing countries are China, Peru, Mexico (crude and refined) and 
Belgium (refined). In 2010, the US Geological Surveyestimated global world refined 
bismuth production to be about 16,000 metric tonnes. Of this, Chinese production 
accounted for approximately 80%. With more than 70 bismuth mines, China also accounts 
for roughly 75% of global bismuth reserves. 


CHEMICAL, MECHANICAL AND PHYSICAL PROPERTIES OF BISMUTH 


Y 


Artificially grown bismuth crystal illustrating the stair step crystal 
structure with 1cm cube of Bi metal 


Bismuth crystal illustrating the many 
iridescent refraction hues of its oxide 
surface. 


Bismuth is the heaviest element in the main sub-group ( the nitrogen sub-group) of 
group 5 of the periodic table. It’s closest analogs, according to the sub-group are antimony 
and arsenic, and its neighbors in the periodic table are lead and polonium. (E.F. Mintser) 


Bismuth (atomic symbol Bi, atomic number 83) is a brittle post-transition metal 
with a trigonal crystal structure that can be found in nature both as its own metal and in 
several ores. It has 83 protons, 83 electrons, and 126 neutrons, and in the periodic table of 
the elements, it is included in Group 15, Period 6, and Block P. 
Bismuth's only primordial, naturally-occurring isotope is 
bismuth-209. It has long been thought of as stable, but it was 
recently found to be slightly radioactive, with an extremely long 
half-life of about a billion times the ages of the universe. 
Bismuth is a relatively stable element but it can react to form 
bismuth fluorides, bismuth halides, bismuth nitrate, and 
bismuth sulfate. The abundance of bismuth in the earth's crust 
is 9 ppb (parts per billion) and its abundance in the solar 


system is 10 ppb. atomic structure of bismuth 


CHEMICAL PROPERTIES OF BISMUTH 


VALENCE ELECTRONS 
ELECTRON CONFIGURATION 


ISOTOPES 


ELECTRONEGATIVITY 
FLAMMABILITY 
TOXICITY 
REACTIONS IN AIR 
REACTIONS IN WATER 


REACTIONS WITH HALOGENS 


REACTIONS WITH ACIDS 


DIAMAGNETISM 


5 
[Xe] 4f14 5d1° 6s2 6p3 


Bismuth-209 the only primordial isotope; 32 other, 
unstable isotopes 


2.02 
Very high (in powdered form) 
Low, for a heavy metal 


Stable at normal temperatures 


Forms bismuth(III) oxide with water at high temperatures 


Forms bismuth(III) halides 
Reacts with sulfuric, nitric, and hydrochloric acids 


Most diamagnetic of all metals 


PHYSICAL PROPERTIES OF BISMUTH 


SPECIFIC HEAT CAPACITY 
ENTHALPY OF FUSION 


ENTHALPY OF 
VAPORIZATION 


ATOMIC WEIGHT 
DENSITY 


COLOUR 


STATE AT ROOM TEMP. 
MELTING POINT 
BOILING POINT 


THERMAL CONDUCTIVITY 


ELECTRICAL CONDUCTIVITY 


0.123 J/(g:K) 
11.30 kJ/mol 


151 kJ/mol 


209.98 g/ mol 
9.80 g/cm? (at 20°C) 


Reddish white, silver-white, or creamy white when first 
formed, but can form pink oxides(naturally); variety of 
colours (lab-grown) 


Solid 
271.4 C (544.5 K) 
1564 C (1837 K) 


Lowest of all metals, except mercury 


Very low 


Bismuth is a white, crystalline, brittle metal with a pinkish tinge. Bismuth is the 
most diamagnetic of all metals, and the thermal conductivity is lower than any metal except 
for mercury. 


Bismuth has a high electrical resistance and the highest Hall effect of any metal (i.e. 
the greatest increase in electrical resistance when placed in a magnetic field). Bismuth is 


stable to oxygen and water but dissolves in concentrated nitric air. All bismuth salts form 
insoluble compounds when placed in water. 


Atomic Mass: 208.98040 


Atomic Radius (nm): 0.152 


Melting Point: 271.5°C - 544.7 °K 


Boiling Point: 1564°C - 1837°K 


Number of Protons/Electrons in Bismuth: 83 


Number of Neutrons in Bismuth: 126 


Crystal Structure: Rhombohedral 

Specific Gravity: 9.7-9.8 

Brinell hardness: 94.2 

Moh’s hardness: 2-2.5 

Vicker’s harness: VHN100= 16-18 kg/mm? 


Cleavage: Perfect, Perfect {0001}, Good {1011}, poor {1014} 


Crystallography of Bismuth 
The crystal structure of bismuth is rhombohedral and is a hexagonal closest packed. 


The rhombohedral (R) cell presents special problems in visualization. To bring out 
the hexagonal nature of its lattice, and the relationship between rhombohedral crystals and 
ordinary trigonal or hexagonal crystals, the R cell is often represented as at right, with two 
interior points equally spaced along a diagonal. It is the only Bravais lattice cell with more 
than one interior point. 


ega 


At left is a side view of a rhombohedron, which can be considered a cube stretched 
or flattened along one diagonal axis. A rhombohedron has six identical faces, all rhombuses. 
At right is a top view showing the three-fold symmetry of a rhombus. Red lines denote 


hidden edges. 


The vertices of a rhombus fall onto equally-spaced planes as shown at left. At right is 
a top view. 


Here is a picture of a rhombohedral crystal structure of bismuth. 


Remember, the edges of a unit cell aren't physically real, only the points within the 
cell (the atoms) are. We may find it convenient sometimes to draw unit cells with corners 
not coinciding with atoms, especially if it brings out the symmetry better, but we can 
always construct a lattice with atoms at the corners of the unit cells. 


Here we remove the rhombohedron edges and construct a new set of edges defining 
60-120 rhombuses. We see that they enclose two equally-spaced points on a line sloping 
down from one corner to the diagonally-opposite corner below. Thus the two cells define 
the same lattice. 


Here we see how rhombohedra relate to the R-cell. Blue points are points of the R- 
cell, purple points are in front of it, green ones behind, and gray in the same plane but 
outside the R-cell. 


Bismuth Crystal 


These beautiful man-made crystals float to the 
top of a super-cooled bismuth melt and form 
within minutes. Bismuth is one of the few 
materials that have a greater density as a liquid 
than as a solid. Only a few other materials such 
as water, gallium and germanium, exhibit this 
property. The trigonal crystal structure 
accounts for the cubic formations. The 
iridescent rainbows of colors observed are 


caused by light scattering off thin layers of 
bismuth oxide formed when the surface of the hot bismuth reacts with the air. Specimens 
range from 12 to 17g with a density of 9.81 g/cc. 


Lab-grown bismuth crystals: 


ALLOYS, MECHANICAL PROCESSES, HEAT TREATMENT AND TESTS 


As early as 1941, workers at the Battelle Memorial Institutell reported that small additions 
of bismuth (0.1-0.5%) to cast, corrosion-resistant, chromium and chromium-nickel 
stainless steels produced significant improvements in machinability without deleterious 
effects on other mechanical properties or corrosion resistance. Significant application of 
bismuth in free-machining steels began in earnest 20 years later, and it is now a major area 
of consumption. Bismuth is also added to several aluminum alloys at levels of 0.2-0.7% to 
also improve machinability. The consumption of bismuth in aluminum alloys is actually 
comparable to the level in free-machining steels. Bismuth is used as an inoculant (200 ppm 
level) in molten cast irons to inhibit graphitization on 
solidification. 


Pure bismuth's brittleness makes it ineffective in 
metallurgical applications, however, small amounts are 
used as additives in copper, aluminum, iron and steel to 

toughen and make alloys that are more machineable. 


Bismuth unitei readily with other metals, the alloys 
being remark- Alloys, able for their ready fusibility, and 
by their property of expanding on solidification. An alloy 


with potassium is obtained by calcining 20 parts of very high purity bismuth 
bismuth with 16 parts of cream of tartar in a crucible, 
and heating the mixture to a very strong red heat. On cooling, a button of metal is found, of 
a silvery white colour and lamellar fracture, which fuses easily, and remains for a long time 
in a pasty condition before solidification ; it is brittle, can be easily powdered, and is readily 
decomposed by water. The alloy with sodium is obtained in a similar manner, with a sodic 
tartrate. With silver, gold, and metals of the platinum group, bismuth forms brittle alloys. 
With mercury it forms a liquid amalgam; but when equal weights of the two metals are 
heated together, there is a separation on cooling of octahedral crystals, which may bea 
solid amalgam. The copper alloy is brittle, and of a pale red colour. 


The ternary alloys of lead, tin, and bismuth, are the 
most interesting of these compounds, from their low 
fusibility, which is much below that of any of the 
components taken separately. This property was 
known to Sir Isaac Newton ; the alloy named after him, 
Newton's fusible metal, melts at 94°-5 C. (202° Fahr.) ; 
it contains 8 parts of bismuth, 5 of lead, and 3 of tin. 
Darcet's fusible metal, containing 2 of bismuth, 1 of 


foundry ingot 


lead, and 1 of tin, melts at 93° (199°'4 Fahr.) Another, with 5 of bismuth, 2 of tin, and 3 of 
lead, melts at 91°'6 (197° Fahr.) Eose's fusible metal, containing 420 parts of bismuth, 236 
of lead, and 207 of tin, a composition corresponding to the formula Bi2Sn2Pb, fuses below 
100° (212°), and remains pasty for a considerable range of temperature below that point. 
The expansion of this alloy by heat proceeds regularly from 0 to 35° C, but by further 
heating it contracts up to 55, from which point up to 80° the rate of expansion is more 
rapid than at the lower temperatures. Above 80° the normal rate is resumed. The fusibility 
of these alloys is increased by an addition of cadmium. Thus Wood's fusible metal, 
containing 1 to 2 parts of cadmium, 2 of tin, 2 of lead, and 7 to 8 of bismuth, melts between 
66° and 71° C. Another, described by Lipowitz, containing 8 parts of lead, 15 of bismuth, 4 
of tin, and 3 of cadmium, is silvery white, and has a specific gravity of 9" 4. It softens at 
about 55°, and is completely liquid at a little above 60°. 


Fusible alloys containing bismuth are used to some extent as safety plugs for steam boilers, 
as an accessory to the safety-valve,—a hole in the boiler being plugged by a disc of the 
metal, which in the event of the temperature of the water rising through excessive pressure 
is melted, and the steam passes through the aperture in the same manner as through an 
opened safety-valve. It is found, however, that this method is not trustworthy, owing to the 
liqua-tion of the more fusible components of the mass, when subjected to continued 
heating near but below the melting point, leaving a more refractory alloy behind. The alloy 
known as Britannia metal, con-sisting chiefly of tin, antimony, and copper, often contains a 
little bismuth. 


It is one of the few metals that increases in volume upon solidification. It expands 3.32% 
when changing from the liquid to the solid state, which makes it valuable in type-metal 
alloys and in making small castings where sharp impressions of the mold ar needed. The 
metal imparts to lead and tin alloys hardness, sonorousness, and lus- ter and lowers the 
melting point. By regulation the amount of bismuth, it is potential to cast the alloys to fill 
the mold without expansion or contraction on cooling. It is used in white alloys for molds 
for casting plastics, and because it lowers the melting point, it is valued in fusible alloys and 
soft solders. Very fine bismuth wire used for thermocouples is drawn in glass tubes, and 
extruded bismuth wire in diameters of 0.003 to 0.039 in (0.0062 to 0.0991 cm) is ductile 
enough to be wound very tightly. 

Small amounts of bismuth are used to heighten the machinability of metals, especially steel, 
a use fostered by concern about the toxicity of lead, a traditional free-machining additive 
for this purpose. Bismuth has been used both as an additive to resulfurized, rephos- 
phorized, and leaded AISI 1214 steel and as a substitute for lead in AISI 1214 and 1215 
steels. As a substitute, it is believed to improve machinability in a manner similar to lead. 
As an additive, it alloys with lead, providing more effective internal lubrication than lead 
alone, further up machinability. Its advantages over lead also have been attributed to its 


lower density, which per- mits more uniform dispersion in the steel matrix.Aluminum alloy 
6262, which was developed specifically for improved machinability, contains about equal 
amounts (0.6%) of bi and lead. Bismuth is also used in amalgams and is employed in the 
form of its salts in pigments, in pharmaceuticals as an antacid, and in many chemi- cals. A 
liquefied bath of bismuth-tin alloy astatine 300 to 350°F (149 to 
177°C) is used to dry paper run through the bath. The alloy will not stick to or damage the 


paper. 


Bismuth is an important component of many binary and multicomponent alloys which have 
low eutectic or liquidus temperatures. Several of the common compositions are referred to 
as fusible alloys. Fusible alloys are used in the manufacture of components in shut-offs fo 
water heating systems, safety plugs in compressed gas cylinders, releases for fire 
protection doors, and automatic sprinkler systems. In these applications, the component is 
sufficiently strong at ambient temperatures; however, at predetermined higher 
temperature, it yields by fusion. The anomalous expansion on solidificationof bismuth also 
occurs in somefusible alloys. In some others, the solidification shrinkage is unusually low, 
permitting their use for gripping tools and punches. 


Common bismuth alloys: 
e Wood’s metal - (Bi-Sn-Cd-Sn) melts at 60°C. It is a key metal in the use of automatic 
water sprinklers for fire control. 50% Bi, 25% Pb, 12.5% Sn, and 12.5%Cd. 
e Rose’s metal (Bi-Pb-Sn)- melts at 91°C. 50%Bi, 25%Pb and 25%Sn. 


Metallic bismuth is supplied in the form of pellets or elongated shot suitable for pneumatic 
injection (air gun) techniques. 


Lead-bismuth master alloys containing 67% Pb-33% Bi are a convenient additive form 
when both elements are to be used in combination. All bismuth addition agents are denser 
than liquid steel and gravitational segregation can be a problem. Bismuth alloys containing 

nickel, manganese or ferromanganese have been produced in Europe and are claimed to 
give improved recoveries, but they have not found widespread commercial acceptance in 
the U.S. 


A 90% Bi-10% Te inoculant is frequently used in the manufacture of malleable iron. This 
additive is also sold in pellet and shot form. 


In steelmaking, bismuth and its alloys are added to the pouring stream during ingot 
teeming. Hand feeding or air gun injection is carefully controlled to give uniform 
distribution throughout the ingot. Bismuth has a tendency to sink and segregate at the 
bottom of the ingot, especially when larger amounts are added. Such segregation can be 
detected by an exudation, or "sweat" test, in which case the ingot bottoms can be cropped 
accordingly. 


Bismuth's boiling point is just below the range of tap temperatures for low and medium 
carbon steels, and inoculation will therefore be accompanied by considerable fuming. This 
presents no toxicity problems unless a lead-bismuth alloy addition agent is used. However, 
all fumes should be vented to a bag-house filter. A burned dolomite refractory blanket will 
reduce vaporization losses, but recoveries will be only 40-50% unless a high melting alloy 
such as bismuth-nickel or bismuth-manganese is used, in which case recovery can exceed 

95%. 


Ingots should be removed from the molds only when completely solidified, and the 
segregated section cropped as necessary. 


In malleable iron manufacture, bismuth is added to the pouring ladle shortly before casting. 
Addition should be made in small quantities to insure rapid dispersion and avoid gravity 
segregation. 


Rolling and forging are the mechanical processes for bismuth. Bismuth steels are treated 
the same way as normal leaded grades, and no special processing techniques are required. 
Bismuth is not, however, added to nickel-bearing austenitic stainless steels since it 
seriously impairs hot workability in these materials. 


Bismuth has no effect on transformation or microstructure produced by heat treatment in 
steels. The element does have a chill stabilizing effect in cast irons, therefore considerable 
quantities are consumed in the production of malleable iron. Here, bismuth is frequently 
added in combination with tellurium, an even more potent carbide stabilizer. By adding the 
two inoculants together, it is easier to (a) insure thorough chilling action during 
solidification but (b) retain the ability to transform carbide to graphite during the normal 
graphitizing anneal. 


Bismuth is not really heat treated, it is however used in heat treating other metals such as 
steel. It is used as a quenching media for steel together with lead as a molten bath. Bi 
prevents the corrosion in steel compared to lead and that Bi is much practicable as a 

quenching media. 


Destructive tests for bismuth: hardness tests; Brinell, Vickers and Mohs, tensile and yield 
test, elongation, u-bend, impact, flattening and flaring, head soundness, macro/micro 
examination, deflection, cone stripping, fracture and IGC tests. 


For non-destructive tests: Ultrasonic Flaw Detection Test, Ultrasonic Thickness 
Test. Magnetic Particle Test, Liquid PenetrantTest (Dye Penetrant), Hydraulic Test 


(Leak Detection), Surface Roughness Test, Dimensional Test : Linear, Angular, Profiles, 
Limit Gauges, Tools, Fixtures etc. 


Bismuth is also chemically analyzed through ferrous and non-ferrous wet process. 


TECHNOLOGICAL APPLICATIONS 


Bismuth consumption is distributed rather broadly among eight different applications, 
each accounting for about 10-15% of the bulk consumption. These applications are 
pharmaceuticals, cosmetics, catalysts, industrial pigments, steel additives, aluminum 
additives, electronics, and fusible alloys. The refined metal output has steadily declined in 
recent years to 3.5 million kilograms (7.7millionpounds),about20% less than the recent 
high value in 1985. Worldproduction and demand have beenroughly in balance since then, 
but the free market price appears to have been eroded in the same period. 


The United States' consumption of bismuth was about 1.36 million kilograms in 
both 1988 and 1989, and this level of consumption does not appear to have changed. The 
distribution of consumption in the United States shows that the manufacture of chemicals 
accounts for approximately one-half the consumption of bismuth, and metallurgical 
additives- in steel and aluminum-account for some 30%. 


Compound Applications 
Compound applications are uses in which bismuth is first converted into a chemical 
compound. These are the production of pharmaceuticals, cosmetics, catalysts, and 
pigments. It is important to note that refined bismuth is the starting material for these 
applications. Taken together, compound applications account for the largest demand of 


primary bismuth. It would appear that the future of therapeutic and cosmetic formulas 
requiring bismuth remains a significant determinant of bismuth demand. In this regard, a 
report was recently released announcing a new ulcer-treating drug with antidine bismuth 
citrate as its active ingredient.There is also development activity in bismuth-based, 
nontoxic, inorganic yellow pigments as potential substitutes for the effective but 
environmentally undesirable pigments based on cadmium and hexavalent chromium 


compounds. Molybdenum-tungsten yellow, the subjectof the report, is a solid solution of 
the vanadate, molybdate, and tungstate of bismuth. With a bismuth content of 54.7%, it is 
reported to be suitable for the coloration of plastic and paraffin products, and paints. 
Bismuth trioxide, a yellow crystalline solid available in powder form, is prepared by 
blowing oxygen over molten bismuth or by the decomposition of bismuth nitrate. It is used 
in ceramic dielectrics and varistors. Bismuth oxychloride (BiOC]) is used in the 
manufacturing of cosmetic eye shadow, face powders, and other cosmetics to provide 
iridescence. Bismuth phosphomolybdate is used for its catalytic effect in the manufacture 
of plastic fibers. 


For medicinal purposes bi must be completely free of traces of arsenic. The paint pigment 
known as pearl white is bismuth oxychloride, BiOCI, a white crystalline powder of specific 
gravity 7.717, indissoluble in water. Another bismuth pigment is bi chromate, Bi203 2CrO3, 

a water-insoluble orange-red powder. The material known in medicine as bi is bi 
phosphate, BiPO, , a white powder insoluble in water. Bismuth telluride, 
BizTe3, is a semiconductor, used mainly as a thermoelectric material. 


Bismuth is used in a number of very different applications. Almost none of the uses is for 
pure metallic bismuth. The majority is consumed in bismuth alloys, and in pharmaceuticals 
and chemicals. The remainder is used in ceramics, paints, catalysts, and a variety of minor 
applications. 


Alloys of bismuth are useful for many reasons: 


Bismuth and many of its alloys expand slightly when they solidify (freeze). This allows the 
bismuth to fill all corners of a mold to form a perfectly sharp replica of the mold or the item 
being replicated. This is also a valued property when used in soldering or plumbing 
(joining of pipes). 


Many bismuth alloys have a low melting point, sometimes even below the temperature of 
boiling water. Thus a bismuth-alloy casting can be covered by plastic or other material to 
form an intricate machine part. The bismuth-alloy core is then removed by simply melting 
it in hot water and pouring it out. The use of low-melting bismuth alloys is widespread in 
sprinkler systems in buildings. When the alloy melts in fire-heated air, the sprinkler 
becomes unplugged, and water sprays the fire. This application accounts for over one-third 
of the bismuth used in the United States each year. 


Bismuth metal is 
relatively inert and 
non-toxic. It has 
replaced toxic lead 
in many 
applications such 
as plumbing, 
bullets, birdshot, 
metal alloys, 
soldering, and 
other applications. 


Fourthly, many 
bismuth alloys are relatively soft and malleable. Malleable means that a metal can be 
hammered into thin sheets Bismuth is alloyed with iron to create what is known as 
"malleable irons." 


Bismuth compounds are used in stomach-upset medicines (hence the trademarked name 
Pepto-Bismol), treatment of stomach ulcers, soothing creams, and cosmetics. 


Industry uses bismuth in a variety of other applications. Bismuth is a catalyst in the 
production of acrylic fibers. Bismuth replaces lead in some ceramic glazes and paints, 
because bismuth is non-toxic. 


Due to its usefulness in technological applications, there are several careers that are 
associated with the element bismuth. Although naturally occurring bismuth is nothing 
special to look at, bismuth created in labs can be formed in many interesting shapes and 
colours. This makes lab-created bismuth popular with collectors, and vendors of different 
types of minerals usually sell a good amount of bismuth. As naturally occurring bismuth is 
needed in alloys and medical isotopes, a career in mining would also be associated with 
bismuth.Those in a medical profession would have likely encountered bismuth as well, 
because of its applications in a variety of treaments. 


Leukemia cells that can be treated with medical isotope bismuth-213. 


"Bismanol" is a permanent magnet of high coercive force, made of MnBi, by 
the U.S. Naval Surface Weapons Center. Bismuth expands 3.32% on 
solidification. This property makes bismuth alloys particularly suited to the 
making of sharp castings of objects subject to damage by high temperatures. 
With other metals such as tin, cadmium, etc., bismuth forms low-melting 
alloys which are extensively used for safety devices in fire detection and extinguishing 
systems. Bismuth is used in producing malleable irons and is finding use as a catalyst for 
making acrylic fibers. When bismuth is heated in air it burns with a blue flame, forming 
yellow fumes of the oxide. The metal is also used as a thermocouple material, and has found 
application as a carrier for U235 or U233 fuel in nuclear reactors. Its soluble salts are 
characterized by forming unsoluble basic salts on the addition of water, a property 
sometimes used in detection work. Bismuth oxychloride is used extensively in cosmetics. 
Bismuth subnitrate and subcarbonate are used in medicine. 


The subnitrate of bismuth is invaluable in certain cases of dyspepsia, and still more notably 
so in diarrhoea. It owes its value to the decomposition described above, by means of which 
a powerful antiseptic action is safely and continuously exerted. 'There is hardly a 
safer drug. It may be given in drachms doses with impunity. It colours the faeces black 
owing to the formation of sulphide. 


In the U.S., bismuth is added to leaded free-machining steels in amounts equal to one-half 
the lead content, typically 0.1% Bi and 0.2% Pb. It has no strong effect on mechanical 
properties but produces substantial improvements in machinability. Bismuth, like lead, is 
thought to act as an internal lubricant, reducing the friction between tool and chip. All the 
bismuth in these steels will be dissolved in the lead inclusions, intensifying their 
effectiveness and providing up to 20-30% improvements in machinability. 


Bismuth-treated steels are not listed separately in U.S. specifications, although many 
proprietary Bi/Pb variants of standard leaded steels (e.g., 1OLXX) are sold under various 
trade names. Unleaded bismuth steels are not produced in the U.S., although some are 
made in Europe. 


Bismuth-treated leaded steels are more expensive to manufacture than ordinary free 
machining types and are therefore only justifiable when large amounts of metal must be 
removed, as in automatic screw machine operations. 
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